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Environments for Sonic Ecologies
Abstract.  This paper outlines a current lack of consideration of the
environmental context of Evolutionary Algorithms used for the generation of
music. This paper attempts to readdress this balance by outlining the benefits of
developing strong coupling strategies between agent and environment. It goes
on to discuss the relationship between artistic process and the viewer and
suggests a placement of the viewer and agent in a shared environmental context
to facilitate understanding of the artistic process and a feeling of participation in
the work. The paper then goes on to outline the installation ‘Excuse Me’ and
how it attempts to achieve a level of Sonic Ecology through the use of a shared
environmental context.
Keywords: Evolutionary Music, Ecology, Environment, Installation, Agent,
Artwork.
1   Introduction
Within the field of Artificial Intelligence there has been a relatively recent
embracement of Ecological Theory [1], with most research now centering on the
importance of an agent's embodiment within an environment and the consequential
contribution to the growth and development of a situated definition of cognition. This
ecological approach moves away from the classical idea of a dualism of mind and
body [18] towards a philosophy where the interaction between the agent and its
environment constitutes a reciprocal relationship which is defined by the agents’
physical embodiment within an environment and its ecological relationship to it.
Despite a long tradition of site specific composition in music, with examples as far
back as the Baroque (Gabrielli, Bach [21]); developments of concepts of space and
situatedness in composition (Mozart, Serenade in D for 4 Orchestras (K286 1777),
Stockhausen, Gruppen for 3 Orchestras 1955,[21]); the later obsession with multi-
channel speaker transmission by electroacoustic composers [19] and the embracement
of a concept of the environment by groups such as 'The World Soundscape Project',
founded by Schafer [20] and publications such as Truax's 'Acoustic Ecology' [23], it
is only recently that theorists and artists such as Whitelaw [25] and McCormack
[15][14] have started calling for a similar level of environmental consideration in
systems for the generation of sound/music that utilise models from the field of
Artificial Intelligence or more specifically Evolutionary Computation.
2   The Un(der)-modeled Environment
As John McCormack stated in his 2006 article 'New Challenges for Evolutionary
Music and Art',  ‘[o]ne common oversight made by those trying to evolve creative
systems is proper consideration of environment'  [15].  Systems taken from the field
of Evolutionary Computation applied to the generation of music tend to themselves be
borrowed from models inspired by systems found in nature. These models especially
those based on 'non-reductionist' techniques tend to consist of varied numbers of
agents existing within a shared virtual environment. Programmers determine not only
the nature and strength of the interactions between the individual agents but also the
quantity and form of any environmental reciprocity. The strength of environmental
coupling can vary from weak to strong but has a tendency to fall into the former
category, possibly due to computational limitations and the corresponding desire to
keep everything as simple as possible. Whitelaw turns to emergent swarms as an
example of how agents can be modeled so removed from their environment; although
they interact with each other within the programmed space, this space is static,
indifferent to the plight of its occupants. An agent in a swarm is described as a 'clone
in a crowd, unchanging, no traction of the space it inhabits, existing in an ongoing
perpetual present' [25]. Some recent environmental models [6][7][22] have included
environmental factors such as food sources, disease and even evolving critics and this
deeper relationship between environment and agent seems to give an 'aesthetic and
generative payoff' [25]. Yet a truly reciprocal relationship between agent and
environment seems to be lacking. More thought therefore needs to be given to the
process of embodiment of the agents within their environment and the level of
environmental coupling that is afforded to them. How are their interactions to be
designed and handled? For a deeper relationship between agent and environment, one
in which there is a level of mutual exchange between the two; where environmental
constraints can lead to unexpected outcomes; account for dynamic fitness landscapes
and for the development of unforeseen or unexpected niches, can generate a climate
for the generation of a society based on interaction rich in complexity and creativity.
3  Embodiment
3.1 The Embodied Agent
'The affordances of the environment are what it offers the animal, what it provides or
furnishes either for good or ill' [9].
Gibson postulates that our relationship with the environment is governed by our
perception of it, which in turn is dependent on our bodily interactions within it.
Different encounters in different environmental situations afford different qualities to
different beings through interaction with their different bodies. Thus the way in which
we perceive our environmental context is directly linked to our embodiment within it.
Thus embodied perception of our environment is not just a case of situated
experience, but rather an example of the deeper relation your body has on the
understanding of the environment. For example, water for a pond skater affords a
supportive surface where as for a human, due to its heavier body mass, it does not.
Interpretation of the environment is thus directly linked to an agent’s embodiment
within it, not just its level of embodiment physically, but what these sensed
perceptions afford within its environmental context. Not only are agents situated in a
dynamic environment, but also the way they perceive this environment is dependent
on a combination of their embodiment within it and their bodily interpretation of it.
The environment can thus be considered as a dynamic landscape within the system,
possibly even as a dynamic agent in its own right. Environmental constraints
themselves can be considered as an evolving fitness landscape with which the agents
interact, thus allowing for a co-evolution of agent and environment [16] describing a
complex relationship that never reaches a stasis.
3.2 The Embodied Viewer
A description of a viewer’s relationship with a generative artwork, can be a
controversial one.  There is one stance that suggests that the viewer’s appreciation of
the work comes about through an understanding of the beauty of the generative
algorithm [4].  Other theories are that Evolutionary Art holds the attention of the
viewer through comparability with models from nature, [10] for others it is an
emergence of apparently creative output from a computer that draws them in. Either
way there is either a retinal [8]/sensory [12] or rational/cognitive [10] perception of
beauty. Thus in both cases there is a strong relationship with how the viewer
perceives the work (retinal), or how much of the process they perceive (cognitive) and
what they get out of the work. Rather than considering the viewer as a voyeur, outside
of the artistic process, listening in, removed from what is happening, looking down
upon a virtual world as a kind of god like creature, omnipresent but impotent,
exercising the notion of aura, described by Walter Benjamin as essential for the
perception or art [3] What if instead of this the viewer is embodied within the same
environmental constraints and space as the agents? In this scenario, due to a shared
locality of stimuli an understanding of the system space through sensual exploration
becomes attainable. Rather than advocating a deeper level of immersion of the voyeur
into the virtual world one could argue that this sharing of system-space is best
achieved by introducing the agents into the same world as the perceiver i.e. the 'real'
world. This facilitates a greater immersion in the piece with higher levels of
communicability between viewer and agents, viewer and process and hopefully
‘viewer’ and music. The viewer can now be considered a participant in the system-
space of the installation, another agent in the system. There is no need for a model a
virtual environment as the real world is an environment in its own right with more
inherent richness that can be found in any simulation. This sharing of environmental
context not only facilitates a direct communication between agent and participant but
also encourages an ecology of communication to develop where an evolution of agent
and environment includes the participant as an active member of society.
4 Enaction
The enactive [24][17] viewpoint builds on Gibson's ideas of 'direct perception' by
doing away with the need for a Cartesian inner world model or representation. Rather
than the more traditional perception - computation - action model there is now a more
direct relationship between perception and action, with action informing the
perception, which guides action, which informs the perception etc. [5]
This idea of a lack of an ‘inner world view’ or ‘representation’ such that all
computation is a result of a direct relationship between action and perception has a
commonality with the idea of agents and participants coexisting in real space. In both
situations there is a move away from complex representations in simulated space to
all interaction and perceptual representation happening in the real lived environment.
This facilitates a shared mode of perception between agent and participant and affords
the participant an enactive approach to the perception of the generative process; all
interaction is no longer modeled but happens through embodiment in a shared
environment. The environment becomes the main catalyst for driving communication
and creativity, each agent contributing to and taking from it like a shared cultural
experience.
5 ‘Excuse Me’: A Vehicle for Enactive Exploration
Installation is a medium that lends itself to an investigation of the viewer as an active
participant within a shared system-space, another agent in the algorithm. There is
already a concept in the medium of installation that the viewer is more than a voyeur,
abstracted from the work. ‘The term ‘looking’ is superceded in installation by the
concept of ‘spectating’, which assumes a higher involvement by the audience’ [2].
The installation 'Excuse Me' (2006), an interactive sound installation developed by the
author, attempts to set up a situation in which the notion of spectating in installation is
superseded by this notion of participation in the piece, to such an extent that the
spectator is not only interacting with the piece but becomes another agent in the
artwork, an active participant in the creative process.
‘Excuse me’ tries to create the conditions for a deeper relationship between agent,
participant and environment to develop. One in which there is a level of mutual
exchange between the agents (including the participant) and environment; where
environmental constraints can lead to unexpected outcomes; can account for dynamic
fitness landscapes and for unforeseen niches to develop. For it is this relationship,
formed on deeper embodiment of agents within their surroundings, with which we
hope to generate a climate for richer results of complexity and creativity.
In ‘Excuse me’, the agents are placed in the same environment as the participants;
they can communicate with this environment through listening and speaking devices,
microphones and speakers. Allowing the participant and agents to coexist in the same
environment and sonic ecology. Participants can have a direct affect on the ecology of
the piece through sonic and physical interaction through an individual agent or with
the environment as a whole.
5.1 Installation Design
Each agent consists of a speaker and microphone element. The speaker element is
constructed out of an audio transducer attached to the body of a violin; the
microphone is a homemade electret with attached preamp. These microphones are
placed somewhere on the body of the violin. There are six agents situated in the
installation space, suspended from the ceiling, six being the minimum number
considered by the author to be needed to form a society of sonic interaction.  They are
spaced apart with room for people to move amongst them and interact with them as
individuals. The six agents listen to their environment and analyse the audio input to
their microphone using Tristan Jefran's Max/MSP object, analyzer~ [11]. They then
try to recreate their incoming aural stimuli through a matching process of this analysis
of this audio to their own internal database of sounds. The microphone and speaker
device of each agent is connected to a computer running Max/MSP [13]. After the
agent has played back its 'best fit' sound to the environment it adds the analysis of the
incoming sound to its internal database.
This re-sharing of an agent’s interpretation of the sound back into the environment
allows for a culture of communication to develop, where the agents build up a library
of shared sonic experiences. This kind of mimetic interaction is easy for the
participant to appreciate and partake in. The algorithmic process is somewhat
transparent and is only affected externally by environmental factors that are common
to both agents and participant.
5.2 Subversion of Intention
A subversion of the mimetic intention of the agents is employed as a catalyst to the
development of the sonic output. The system of analysis and recreation employed by
the agents does not always give predictable results. For example the pitch-detecting
algorithm is best suited to working in non-noisy, clean environments on monophonic
sounds. Asking it to detect pitch of sound from a noisy microphone plugged into the
environment, not only detecting one agent’s polyphonic output but an unpredictable
complex output from up to five other agents at once, plus possibly other extraneous
environmental sounds is pushing the software far beyond its intended limits. What do
these machines make of the noisy surroundings they have been placed in, how will
they interpret these situations where they are experiencing information overload? This
added complexity is a benefit from the fact that the communication of these agents
and their perceptual reconnaissance is all carried out in a real unpredictable
environment, which leads to an evolution of un-predictable outcomes that could in
turn be labeled creative.
Allowing the viewer to walk amongst these agents, listening to their individual output
or listening to the society as a whole, whilst interacting on many different levels helps
them to understand the internal (now external) algorithmic process. The agents pick
up their environmental noise and try to recreate it; bits of speech and other sounds are
broken up and reinterpreted, passed from one agent to another. Creating an evolving
shared language of communication, a sonic ecology, an emergent texture of sound.
6 Conclusion
Through notions such as embodiment and enaction one can revisit design strategies
for algorithms that pertain to operate in a creative environment. We’ve argued that it’s
worth exploring strategies in which emergent and evolutionary algorithms inhabit an
environment that is shared by a viewer/participant. We have questioned the role of the
algorithm as model for delivering creative solutions directly and have proposed that
both the algorithm and the viewer need to be situated and embodied in a shared
environment. As exemplified in the installation “Excuse Me”, there is no attempt at
creating a reductionist model of the environment context but rather a placing of the
algorithm and the viewer within the full complexity of the environment as a way of
promoting unexpected complexities and interactions.
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